Desertification is the transformation of productive land into a non-productive one due to poor resource management, and unfavourable biophysical and economical factors. Periodical assessment of desertification status is imperative for a suitable comprehensive and combating plan. In the present study, desertification status maps of Andhra Pradesh ( 
DESERTIFICATION is the degradation of land resources either by natural phenomenon or anthropogenic activity which adversely affects land fertility, ecological system and livelihood security in arid, semi-arid and dry subhumid regions. The major desertification process comprises of degradation of vegetative cover, soil erosion, waterlogging, salinization/alkalinization and decline of soil fertility 1 . Desertification affects one third of the world's land area especially the dry land ecosystem with aridity index less than 0.65 (ref. 2) . The estimation of the United Nations Convention for Combating Desertification (UNCCD) shows that globally around 3.6 billion hectares of land is affected by desertification 3 . In addition, every year 5300 million tonnes of fertile soil is being lost along with 8 million tonnes of plant nutrients due to soil and water erosion 3 , and overall about 250 million people are directly affected by land degradation 4, 5 . Land resources are also degraded due to residential, road construction and mining activities 6 . The failure of resource management policies, particularly in the developing countries, has aggravated the intensity of desertification in marginal lands 7 . Periodical assessment and monitoring of desertification processes is imperative for the preparation of suitable comprehensive planning and adoption of reclamation measures. The status of desertification and its severity can be assessed using remote sensing data on both regional and global scale 8 . The present high-resolution remote sensing data and geocomputation techniques have substantially contributed to mapping the desertification processes such as vegetal degradation [9] [10] [11] , water erosion 12, 13 , salinization 14, 15 , etc. Different methodologies have been used for mapping the status of desertification and its impact on land resources across the world [16] [17] [18] [19] . The environmental sensitivity of land resources using biophysical and socio-economic parameters is common among researchers in assessing the degree of desertification 1, 17, 20, 21 . India, the second most populus country in the world, became highly vulnerable to environmental stress due to its growing population that affects 228 million hectares (69%) of total geographical area. Further, 57% of land area which is under cultivation faces severe problem of land degradation 22 . The main factors responsible for desertification in India are extension of cultivation in marginal lands, inadequate soil water conservation measures, intensive cropping system, poor irrigation management and over-exploitation of groundwater. The process and intensity of desertification depend mostly on the type of agricultural practices employed in the agro-ecological region. According to UNCCD, it is mandatory to conduct and monitor desertification at regular intervals since it is a purely dynamic process 16, 23, 24 . In this present study, desertification status of Andhra Pradesh (AP), Karnataka and Telangana is assessed using remote sensing data of two time-frames (2011-2013 and 2003-2005) to analyse the change in status over the period.
The desertification assessment was carried out for the three southern states of India, viz. AP, Karnataka and Telangana at 1 : 500 K scale. Total study area is 466,836 km 2 , which is 14.2% of the total geographical area (TGA) of the country, and located between 11.34°-19.54°N lat and 74.4°-84.45°E long. The area has been divided into three major physiographic divisions, viz. Deccan Plateau, Hill Ranges (Western Ghats and Eastern Ghats) and Coastal Plains. It is endowed with a wide (2011-2013 and 2003-2005) were used for the present study. Three-season satellite imageries of kharif (JuneSeptember), rabi (October-February) and summer (March-May) were procured and used for assessment of desertification status. In addition, SOI toposheets (1 : 250 K), forest boundary (Forest Survey of India), water body, rivers, administrative boundary, road and rail network datasets were used as reference data.
Three-tier classification systems were followed for assessing different degradation processes, i.e. land-use type, process of degradation and its severity. The major land uses in the study area are agriculture -unirrigated (D), agriculture -irrigated (I), forest/plantation (F/P), land with scrub (S), barren/rocky area (B/R), dune/sandy area (E), water body/drainage (W) and others (T). The major processes are vegetal degradation (v), water erosion (w), wind erosion (e), waterlogging (l), salinization (s) and man-made degradation (m). In the third level, the processes were further classified into low (1) or high (2) based on the level of severity.
Desertification classes were identified and analysed from Geo-coded AWiFS digital data using on-screen visual interpretation techniques along with ancillary information (Figure 1 ). Satellite datasets were preprocessed for geometric and radiometric corrections before image interpretation. Geo-database was created in GIS using ArcGIS software package (ArcGIS 10.1) based on National Spatial Framework on 1 : 500 K with LCC projection and WGS 84 datum, and state-wise preliminary desertification status maps (DSMs) were prepared.
Ground truth data were obtained for finalizing DSMs with more precision. Direct observations/field checks were conducted in different locations in order to associate image data to real features on the ground surface. Severity of vegetal degradation was classified based on the percentage decrease of plant cover. Water and wind erosion were assessed based on loss of topsoil layer. For assessing the status of salinization soil samples were collected from field and measured for pH and EC (electrical conductivity), and severity of waterlogging was identified based on the period of time water remained Figure 2 a and b) showed that the dominant desertification processes in AP were vegetal degradation (7.27%) followed by water erosion (4.89%) and waterlogging (0.83%). The other processes like salinization (714 ha) and man-made degradation activities (268 ha) have also had certain impact. The main causes for vegetal degradation were biotic interference, forest fires, over-mining for minerals and metals, excessive use of firewood and severe deforestation. The percentage of area under desertification was higher in Anantapur district (11.85) followed by Kurnool (10.91), Prakasam (10.86) and Chittoor (9.35) districts. Kurnool district experienced high forest vegetal degradation (5.1%), while Anantapur district had high water erosion (7.3%). Previous studies showed that nearly 40% of TGA in AP was eroded by water 25 . In 2003-2005 time-frame, vegetal degradation contributed 7.29% of total area followed by water erosion (4.89%), waterlogging (0.78%), salinization (0.73%) and wind erosion (0.03%). Overall, the change detection analysis showed that the area under desertification had increased by about 0. The area under desertification in Karnataka in the 2011-2013 time-frame was 36.24% of TGA (Table 2 and Figure 3 a and b) . Among the districts, Belgaum (6.93%), Gulbarga (5.66%), Tumkur (5.58%) and Bijapur (5.43%) had high area under desertification. The prominent processes were water erosion (26.29%) followed by vegetal degradation (8.93%) and salinity (0.45%). Bellary district experienced high vegetal degradation due to increased mining activities and extraction for timber 26 . Water erosion contributed 26. In Telangana, 7.5% of the land area underwent different desertification processes (Table 3 and Figure 4 a and  b) , and the most significant process of desertification during 2011-2013 was water erosion (24.85%), followed by vegetal degradation (4.71%) and salinity (0.75%). Among the districts, Nalgonda (6.47%), Jayashankar Bhupalpally (6.40%), Bhadradri Kothagudem (6.32%) and Mahabubnagar (4.56%) experienced high desertification rate. Nagarkurnool district experienced high vegetal degradation (0.83%), while Mahabubnagar district had high water erosion (3.84%) problem. The previous studies found that more than two-thirds of TGA of Telangana was affected by soil erosion 27 .
Like 2011-2013, water erosion contributed 26.7% of total area followed by vegetal degradation (4.69%) and salinity (0.71%) in [2003] [2004] [2005] . Overall change detection analysis showed that desertification process had decreased by 0.52% from 2003-05 to 2011-2013. The area under water erosion low category reduced considerably and there was an increase in salinization and vegetal degradation.
Desertification status varies with land use, soil properties, cultivation practices, industrialization, climatic and other environmental factors. Severity of desertification process can be reduced by adoption of proper and regular management practices. Erosion and tree-felling are the two major issues in biomass productivity of forest ecosystem. Based on forest cover, soil and climate, potential areas can be identified for afforestation with suitable climate-resilient multipurpose tree species, perennial forage and fodder species 28 . Soil erosion can be managed by appropriate technical backstopping with location-specific soil and water conservation practices. Soil salinity/ alkalinity in agricultural lands can be reclaimed by proper irrigation water management, development and maintenance of surface and subsurface drainage system and addition of amendments 26 . These activities may be converged with on-going National/State Government programmes like Joint Forest Management, Integrated Watershed Management Programme and Mahatma Gandhi National Rural Employment Guarantee Act, etc. to combat desertification process in the long run.
The present study indicates that remote sensing and GIS techniques along with other ancillary data could result in effective mapping and monitoring of desertification areas. Desertification analysis shows that 14.35%, 36.24% and 31.40% of TGA of AP, Karnataka and Telangana respectively, are affected by different desertification processes. The severity of desertification can be reduced by adopting proper agriculture and landmanagement practices. The vulnerability area identified in AP, Karnataka and Telangana provides key information for setting up sustainable development strategies. Future work can be focused on the area which is highly exposed to desertification for periodical monitoring and preparation of suitable action plans.
